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 
Abstract--In the quest for mechanisms to improve the light 
extraction efficiency and luminous efficacy of solid state lighting, 
the remote phosphor concept has emerged as a potential solution. 
Such a concept consists in bringing the phosphor element at a 
remote location from the LED chip. Early, this technology was 
propelled by two premises: a) it allows the phosphor to operate at 
a lower temperature and, therefore, increases its conversion 
efficiency; and b) it allows backscattered light to be redirected 
towards the target. This paper addresses the first premise by 
experimentally comparing the operating phosphor temperature 
in the intimate and remote phosphor configuration applied to the 
light engine approach. Results show that, for the topologies 
tested, the phosphor operates at a lower temperature in the 
remote phosphor configuration than in the intimate phosphor 
one. 
 
Index Terms--remote phosphor LED, intimate phosphor, pc-
LED, junction temperature  
 
I.  INTRODUCTION 
 
IGHT-EMITTING diodes (LEDs) are commonly used in 
general lighting applications because of their outstanding 
characteristics such as high efficacy, environmental 
friendliness, and long lifetime [1]. Two main approaches to 
create white light with LEDs can be identified: a combination 
of monochromatic LEDs (commonly red, green, and blue) on 
the one hand, and the excitation of a yellow phosphor using 
short wavelength LEDs (violet or blue) on the other hand, i.e. 
phosphor converted LEDs (pc-LEDs). Due to its higher 
luminous efficacy and color point control, the latter is the most 
widely used for general lighting. The pc-LEDs exhibit power 
losses attributed to the LED die internal quantum efficiency, 
out-coupling, package efficiency, phosphor quantum 
efficiency and Stokes shift, in order of relevance as pointed 
out by Keppens et al in [2]. Higher luminous efficacy of pc-
LEDs is mainly attributed to the latest advances in the external 
quantum efficiency (50 %) of short wavelength LEDs based 
on GaN at high current density (up to $1 kA/cm^2$) [3]. 
Further improvement of pc-LEDs can also be expected on 
both the package efficiency and the phosphor quantum 
efficiency, where phosphor location plays a crucial rol.  
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The phosphor can be located adjacent to the LED chip or at a 
remote location, as proposed by Narendran et al. [4] and 
known as the scattered photon extraction (SPE) method. In the 
SPE method, back-scattered light can be recuperated by 
locating the phosphor at a remote distance from the chip, 
which increases the probability of back-scattered light to 
interact with a reflective surrounding. This method promises 
an enhancement of up to 40 % in light extraction efficiency 
when implemented at package level [4]. Moreover, the remote 
phosphor technology suppresses angular color variations, thus 
improving the color quality and luminous efficiency [5]. 
Nevertheless, some of the factors that influences the LED die 
external quantum efficiency, as well as the phosphor 
conversion efficiency and the lifetime, are the temperature at 
the LED junction and the phosphor temperature, which 
undoubtedly change when the remote phosphor concept is 
implemented.  
 
Previous studies have reported on the thermal behaviour of 
chip-on-board modules using the remote phosphor concept 
[6]. However, to the knowledge of the authors, no report has 
tackled the thermal behaviour of light engines applying the 
remote phosphor concept. Thus, this work attempts to evaluate 
the effect of the phosphor location on the LED junction 
temperature and the phosphor temperature by measuring an 
intimate pc-LED and a remote phosphor LED light engine. 
The physical model adopted to represent the dissipated power, 
as well as the description of the conducted experiments are 
presented in the next section. Results are presented and 
discussed in section three. Main findings and design 
recommendations based on the results are presented in the 
conclusions section.  
II.  METHODS 
A blue and a white LED single package, each mounted on a 
PCB were characterized. The white LED comprises a blue 
LED of the same nature as the only blue LED package coated 
with phosphor YAG directly on the chip (See Fig. 1-left).  
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The use of thermal conductive embedding materials for the 
phosphor is an alternative to decrease the heat gradient in the 
phosphor plate. 
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